This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. Abstract Background/Aims: MicroRNAs (miRNAs) are non-coding small RNAs that regulate cell proliferation and functions by interfering with the translation of target mRNAs. Altered expression of miRNA is known to induce various human malignancies, but little is known about the role of miRNAs in esophageal squamous cell carcinoma (ESCC). Methods: RT-PCR and Western blot were used to examine the expression of miRNAs and candidate genes in 40 pairs of squamous cell carcinoma of human. MiR-16 mimics and inhibitor were transfected in human TE-1 and Eca-109 cells before detecting the cell migration, proliferation, apoptosis and cell cycle. The regulation mechanism was confirmed by luciferase reporter assay. Caspase-3 and 9 were detected by RT-PCR and Western blot. Results: Aberrant increased level of miR-16 was detected in the ESCC tissues compared with the corresponding adjacent tumor tissues. MiR-16 could inhibit cell apoptosis while promote cell proliferation by down-regulating RECK and SOX6 in TE-1 and Eca-109 cell lines through binding the 3'UTR of both RECK and SOX6 mRNA. Conclusions: Aberrant expression level of miR-16 could suppress cell apoptosis while promote growth by regulating RECK and SOX6 which play important roles in the pathogenesis of ESCC.
Introduction
Esophageal carcinoma is one of the most deadly malignant tumors in the world. It has become the sixth leading cause of death and the eighth most frequently diagnosed cancer [1] . Esophageal carcinoma is divided into three types including squamous carcinoma (ESCC); adenocarcinoma and undifferentiated carcinoma according to the results of pathological diagnosis [2] . ESCC is the most common subtype with a poor treatment and survive rate with a 5-year overall survival rate about 14 % [3] . Traditional treatment on ESCC including chemotherapy, radiation therapy and esophageal resection is not enough comparing with the increasing number of people suffering with ESCC. Development a new diagnosis method and a novel treatment are very necessary.
A large amount of work has been conducted on studying the mechanism of the pathogenesis of ESCC. Researchers have found that a large number of aberrant expression level of genes participant in the progression of ESCC. The interaction between these genes mostly exists in the transcription level and post-transcription level. MicroRNAs are defined as one of the most important member in the post-transcription level regulation. MiR-375 have been proved to inhibit tumor growth and metastasis in ESCC by down-regulating the IGF1R, acting as a strong tumor-suppression factor [4] . Besides, miR-138 could suppress the level of NF-κB which promotes lipid raft formation in ESCC [5] . All these evidence indicate that miRNAs play an important role in the progression of ESCC.
MiRNAs are small, non-coding RNA molecules of 19-25 nucleotides which have been reported to play important roles by regulating cell differentiation, proliferation, migration and apoptosis. MiRNAs negatively regulate their target genes expression at the posttranscription level through binding to 3' untranslated regions (UTRs) of their targets message RNAs [6] . To date, more than 800 miRNAs have been identified in mammalian cells. Many of them have also been implicated in cancer development and metastasis [7] .
Based on the results of the aberrant expression level of miRNAs in the research published, we found that miR-16 was over-expressed in the tumor tissues compared with the adjacent corresponding tissues and in ESCC cell lines compared to normal squamous epithelial cell lines which indicated miR-16 may involve in the pathogenesis of ESCC [8, 9] . Besides, miR-16 has been identified to participate in multiple pathways by regulating different genes in various cancers, such as non-small cell lung cancer; ovarian cancer; bladder cancer, however, in which pathway of miR-16 participate still remains unknown [10] [11] [12] .
Materials and Methods
Patient and Tissue Samples 40 patients with ESCC had undergone routine surgery at The First Affiliated Hospital of Nanjing Medical University, Nanjing City, Jiangsu Province, China from May 2012 and November 2012. ESCC samples and the adjacent ESCC tissues taken from the 60 patients were collected, immediately snap frozen in liquid nitrogen, and stored at −80 °C until RNA extraction. The tumors were classified according to World Health Organization classification. This study was approved by the Ethical Committee of The First Affiliated Hospital of Nanjing Medical University, and every patient had written informed consent.
Cell Culture and Transfection
ESCC cell lines and TE-1 and Eca-109 were purchased from the Chinese Academy of Sciences Cell Bank. All cells were cultured in RPMI-1640 (Gibco, USA) supplemented with 10 % fetal bovine serum (Invitrogen, Carlsbad, USA) and grown in humidified 5 % CO2 at 37˚C. MiR-16 mimics and normal control were obtained from Genepharma (Shanghai, China).The transfection was conducted by using Lipofectamine 2000 (Invitrogen Corp, CA, USA). 
Cellular Physiology and Biochemistry
Quantitative RT-PCR Quantitative real time polymerase chain reaction (qRT-PCR) was performed to determine the expression levels of miR-16 and mRNAs of all related genes. Total RNA was obtained from tissues using TRIzol reagent as described by the manufacturer (Invitrogen Life Technologies Co, CA, USA). For mRNA detection, total RNAs (500 ng) were reverse transcribed using the reverse transcription kit (Takara, Tokyo, Japan). β-actin was used as an internal control. TaqMan® MicroRNA Assays (Applied Biosystems, CA, USA) was used as the probe for has-miR-16 and has-U6 which act as a normalized control. QRT-PCR was performed using ABI Prism 7900HT (Applied Biosystems, CA, USA) according to the direction of the reagents
Protein analysis
For western-blotting, total proteins were extracted from tissues or cultured cells using RIPA buffer containing PMSF (Roche, Basel, Switzerland). Equal amount of proteins (100ug) were separated with 7.5%/12.5% sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) membrane. The blots were developed using ECL reagent (Millpore, MASS, USA). Equal amount of protein loading in each lane was confirmed using GAPDH antibody.
Cell proliferation assays 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT; Roche, Molecular Biochemicals, Mannheim, Germany) assay was used to examine the cell proliferation. Absorbance at 490 nm was measured by the TECAN infinite M200 Multimode microplate reader (Tecan, Mechelen, Belgium). Each assay was performed in triplicate and repeated 3 times independently.
Cell cycle and apoptosis analysis
Cells were transfected with miR-16 mimics as well for 48h. All experiments were analyzed by BD Biasciences FACS Calibur Flow Cytometry (BD Biasciences, NJ, USA). The tests were repeated for three times with triplicate per experiment.
Dual-luciferase reporter assay
The 3'-UTR sequence of RECK and SOX6 predicted to interact with miR-16 or a mutated sequence with the predicted target sites were inserted into the KpnI and SacI sites of pGL3 promoter vector (Genscript, Nanjing, China). For reporter assay, cells were plated onto 24-well plates and transfected with 100 ng of pGL3-RECK, pGL3-SOX6 or pGL3-RECK-mut, pGL3-SOX6-mut and miR-16 mimic, respectively by using Lipofectamine 2000 (Invitrogen Corp, CA, USA). A Renilla luciferase vector pRL-SV40 (5 ng) was also cotransfected to normalize the differences in transfection efficiency. Transfection was repeated three times in triplicate
Statistical analysis
The method of 2-△Ct was used to analyze the results of RT-PCR in all the experiments performed in this study. Statistical analysis was performed using STATA 9.2, and presented with Graph PAD prism software. Experimental data of tissue samples are presented as box plot of the median and range of log-transformed relative expression level which was analyzed by Wilcoxon rank-sum (Mann-Whitney) test. While the results obtained from experiment in vitro assays are presented as mean ± SE from three separate experiments in triplicates per experiment, and the data was analyzed by double-sided Student's t-test. Results were considered statistically significant at P<0.05.
Results

MiR-16 was increased in human ESCC tissues
First, we analyzed the expression levels of miR-16 in both ESCC tissues and adjacent tissues by qRT-PCR. Significantly, we found that miR-16 expression was increased in ESCC tissues (n=40, Fig. 1A) . A positive correlation of miR-16 between the tumor tissues and adjacent tumor tissues was obtained which indicated that miR-16 was acted as an oncogene (Fig. 1B) . After analyzing the clinical information of patients, we found that the aberrant expression level of miR-16 was highly associated with the tumor size of patients (Fig. 1C) , indicating that miR-16 may play an important role the pathogenesis of ESCC (Table 1) . 
Therefore, based on this expression pattern, we chose the TE-1 and Eca-109 cell lines to determine the functions of miR-16 in ESCC.
MiR-16 inhibited cell apoptosis while promote cell growth without affecting cell cycle
To detect the functional roles of miR-16, we then examined the effect of miR-16 on cell proliferation, cell apoptosis and cell cycle. A suppressive effect was observed in cell apoptosis in both TE-1 and Eca-109 cell lines by using flow cytometry analysis (Fig. 2) . In addition, we used flow cytometry analysis to investigate whether miR-16 was involved in cell cycle progression. We found that the miR-16 mimics did not affect cell cycle progression when compared with the control (Fig. 3) . Besides, the results of MTT assay indicated that the absorption in 490nm of cells was statistically different between cells transfected with miR-16 and the control (Fig. 4) . Furthermore, in order to detect the inhibition affection of cell apoptosis, we detected the viability of Caspase 3 and 9 in cells transfected with miR-16 mimics and control to explore the correlation between miR-16 and apoptosis. The results indicated that both the cleaved Caspase 3 and 9 was decreased in cells transfected with miR-16 mimics comparing with the cells transfected with control (Fig. 5) . This result suggested that the aberrant decreasing level of miR-16 may have the ability of suppressing cell apoptosis in ESCC cell lines. 
RECK and SOX6 was the direct targets of miR-16
Since miR-16 could suppress the cell apoptosis in ESCC cell lines, we were confusing about the potential mechanism in which miR-16 could affect cell apoptosis. Based on the regulation pattern of miRNAs in human carcinoma, we collected the candidate genes which have been reported associating with cell apoptosis as well as regulated by miRNAs. Furthermore, we predicated the potential target genes of miR-16 by using bioinformatics software. Finally, we selected the 5 overlap genes by using the two approaching above including RECK, CCNE1, FGF2, SOX6, BCL2L2.
RT-PCR was conducted to screen the candidate genes we selected above in 40 pairs ESCC tissues. The results indicated that only the RECK and SOX6 were aberrant down-regulated in tumor tissues when comparing with the adjacent tissues. Thus, we confirmed the protein expression levels of the two genes in these tissues. We found that the protein expression level was similarly decreased (Fig. 6) . To further detected the abnormal expression level of RECK and SOX6 was induced by miR-16, we examined the level of the two genes in cells transfected with miR-16 mimics and control. Remarkable suppression level of the two genes was obtained in cells transfected with miR-16 which indicated that miR-16 may negatively regulate RECK and SOX6 in ESCC cell lines (Fig. 7) .
Whether the suppression level of RECK and SOX6 induced by miR-16 was due to the binding of miR-16 in the 3'UTR of the two genes still remain unknown. Next, we performed miRNA luciferase reporter assay by constructing the wild type and mutant type luciferase reporter plasmids containing the binding region of the 3'UTR of RECK or SOX6 mRNAs. We found that co-transfection of miR-16 mimics and pGL3-RECK or pGL3-SOX6 3'UTR reporter plasmids significantly decreased the luciferase activity in cell lines, as compared with the control and the mutant type, suggesting miR-16 directly targets both RECK and SOX6 (Fig. 8) .
Discussion
Researchers have found that miR-16 could decrease the level of CCND1 in osteosarcoma which induced apoptosis and cell cycle arrest [13] . Besides, Bcl2, another target gene of miR-16, was involved in the activation of pancreatic stellate cells [14] . By binding the 3'UTR region of the multiple target genes, miR-16 could affect the apoptosis in various diseases.
RECK, as one of the target genes of miR-16; suppress tumor invasion and metastasis by negatively regulating matrix metalloproteinase 9 (MMP9) activity. The expression of RECK was closely correlated with histological grade, infiltrative depth and lymphatic metastasis in ESCC [15] . Our study indicate that RECK is targets of miR-16, and miR-16 over-expression can inhibit the apoptosis of ESCC cells. Western blot assay in our study showed that RECK expression of cell lines were decreased significantly after the cells were treated with miR-16 mimics, and the luciferase reporter assay also showed the same result. So, we hypothesize that miR-16 can inhibit apoptosis ability by targeting RECK. Our experimental results help us understand the molecular basis of miR-16 and give clues for potential therapeutic methods for ESCC. SOX6 was found frequently down-regulated in primary ESCCs in both mRNA level and protein level, which was significantly associated with the poor differentiation, lymph node metastases, advanced TNM stage and disease-specific survival, indicating that SOX6 played a crucial role in the pathogenesis of ESCC [16] . SOX6, a member of the D subfamily of sex determining region y-related transcription factors, plays critical roles in cell fate determination, differentiation and proliferation. It has been identified as a tumor suppressor or an oncogene in different human cancers [17] . We observed that both SOX6 mRNA and protein levels were significantly decreased in tumor tissues compared with adjacent corresponding tissues. In addition, the SOX6 protein and mRNA showed similar expression patterns in the matched samples. Consistent with the observation of Qin et al. on esophageal squamous cell carcinoma [16] , these findings support the hypothesis that SOX6 may play an important role in the tumor-genesis of ESCC. It has been reported that It has been reported that SOX6 inhibits cyclin D1 expression by interacting with β-catenin and HDAC1 in insulinoma INS-1E and NIH-3T3 cells [18] . Furthermore, Sox6 play an important role in the turning-point at which P19 cells stimulated with RA proceed to cell death or differentiate which indicated that the SOX6 induced apoptosis.
The aberrant expression level of miR-16 in ESCC tissues was high associated with tumor size. According to our results, over-expressed level of miR-16 induced the inhibition of cell apoptosis, thus, we assumed that the loss of cell apoptosis could result in the proliferation of tumor cell. In conclusion, miR-16 may affect the proliferation and apoptosis of ESCC cells by down-regulated RECK and SOX6, playing an important role in the pathogenesis of ESCC. The important role of miR-16 might provide a foundation of a new diagnosis method or a novel targeted therapy for ESCC. 
